Following the recent identification of the prototypical short GRB 090227B originating from a binary neutron star (NS) merger, leading to the formation of a black hole (BH), we present here a new example of such sources, GRB 140619B. The time-resolved spectral analysis performed on the Fermi-GBM data, allows for the identification of the characteristic features of the e + e − plasma at transparency (P-GRB) in the early ∼ 0.2 s of the GRB 140619B light curve: i.e., a thermal spectrum with an observed temperature kT = (324 ± 33) keV which represents ∼ 40% of the total source fluence. The subsequent emission, with no evidence for a thermal spectrum, is identified with the prompt emission. We have consequently deduced a theoretical cosmological redshift of z = 2.67 ± 0.37, a total burst energy E tot e + e − = (6.03 ± 0.79) × 10 52 ergs, a baryon load B = (5.52 ± 0.73) × 10 −5 , and a Lorentz Γ factor at transparency Γ tr = (1.08 ± 0.08) × 10 4 . From the simulation of the prompt emission we have determined the average density of the circumburst medium (CBM), n CBM = (4.7 ± 1.2) × 10 −5 cm −3 , typical of the galactic halo environment. This low CBM density and the low baryon load, confirm the identification of the GRB progenitor as a NS-NS merger. By assuming symmetric NS masses (M NS = 1.34 M ), the inferred baryon load corresponds to ∼ 3% of the total crustal mass, i.e. M 2c = 7.26 × 10 −5
INTRODUCTION
The phenomenological classification of gamma-ray bursts (GRBs), based on their prompt emission observed T 90 durations, defines "long" and "short" bursts being, respectively, longer or shorter than T 90 = 2 s (Klebesadel 1992; Dezalay et al. 1992; Kouveliotou et al. 1993; Tavani 1998 ).
Short GRBs have been often indicated as originating from binary neutron star (NS) mergers (see, e.g., Goodman 1986; Paczynski 1986; Eichler et al. 1989; Narayan et al. 1991; Meszaros & Rees 1997; Rosswog et al. 2003; Lee et al. 2004; Berger 2014 ). An ample literature exists of short GRBs with E iso < 10 52 erg described in Berger (2014) . However, no explicit evidence for black hole (BH) formation is present in the spectra of such sources.
Here we call attention to a different class of short GRBs originating from NS-NS merging with an overall total mass larger than the NS critical mass for the formation of a BH. These systems are characterized by E iso > 10 52 erg. From the BH uniqueness theorem we can apply to these GRBs the fireshell model (Ruffini et al. 2009) . No prolonged emission after the GRB prompt phase is expected. Indeed no X-ray af-terglow is now observed after the GRB prompt phase. An explicit example has already been given in GRB 090227B (Muccino et al. 2013) . The consequent expected emission of gravitational waves has been also estimated in Oliveira et al. (2014a) .
In this paper we present an additional explicit example of such NS-NS short bursts leading to a BH, GRB 140619B. In Sec. 2 we report on the observation of this burst and our data analysis from 8 keV up to 100 GeV, as well as the absence of any X-ray afterglow detection (Maselli & D'Avanzo 2014) which prevents the determination of the redshift. In Sec. 3, we shortly summarize the fireshell model of GRBs (Ruffini et al. 2001a,b,c) . In Sec. 4, after recalling the proposed classification as binary-driven hypernovae (BdHNe, see, e.g., Ruffini et al. 2014b ) for energetic (E iso > 10 52 erg), long GRBs associated to SNe, and leading to the BH formation, we propose a similar approach for the energetic (E iso > 10 52 erg) short GRBs from NS-NS mergers leading to the BH formation. In Sec. 5 we interpret the data of GRB 140619B within the fireshell model, and compare and contrast the results with those of the prototype, GRB 090227B (Muccino et al. 2013 ). In Sec. 5.1 we theoretically estimate the redshift of the source from the fireshell equations of motion. Consequently, we derive the burst energy, E iso > 10 52 erg, and the value of the baryon load, B ∼ 10 −5 . In Sec. 5.2 we infer an average density of the CBM, n CBM ∼ 10 −5 cm −3 from simulations of the prompt emission light curve and the spectrum. This is typical of the galactic halo environment. These commonalities 3): A) vacuum polarization occurs just outside the event horizon and a fireshell of e + e − plasma begins to self-accelerate radially; B) the fireshell, after engulfing the baryons, reaches the transparency and the P-GRB is emitted; C) the accelerated baryons interact with the local CBM originating the prompt emission. The remnant of the merging is a Kerr BH. The accretion of residual matter onto the BH can give origin to the jetted observed 0.1-100 GeV emission.
confirm a NS-NS merger as the progenitor for GRB 140619B (see Sec. 5.3 and Fig. 1 ). In Sec. 6 we discuss the possibility for Advanced LIGO to detect the emission of gravitational waves from such a binary NS progenitor. From the dynamics of the above system, the total energy emitted in gravitational radiation corresponds to E T GW = 7.42 × 10 52 erg, computed during the entire inspiral phase all the way up to the merger. Due to the large distance to the source, this would give a signal well below the sensitivity of the Advanced LIGO interferometer avoiding any positive detection. In Sec. 7 and Fig. 1 we address the origin of the short-lived (∆t ≈ 5 s) but significant 0.1-100 GeV emission, which is a novel feature with respect to GRB 090227B. We compare and contrast this high energy emission with that recently deduced for the long GRBs within the BdHNe paradigm. In Sec. 8 we give an estimate on the rate of such events on the basis of these two explicit example of NS-NS short GRBs leading to the BH formation, and in Sec. 9 we compare and contrast it with the that of the less energetic short GRBs (see, e.g., Berger 2014, and references therein). In Sec. 10 we shortly refer to the short GRBs as originating from NS-BH binary systems, which are the outcome of BdHNe. We conclude with an illustration of the possible progenitors of both classes of short bursts.
OBSERVATIONS AND DATA ANALYSIS
At 11:24:40.52 UT on 19 th June 2014, the Fermi-GBM detector (Connaughton et al. 2014 ) triggered and located the short and hard burst GRB 140619B (trigger 424869883/140619475). The on-ground calculated location, using the GBM trigger data, was RA(J2000)= 08 h 54 m and Dec(J2000)= −3 o 42 , with an uncertainty of 5 o (statistical only). The location of this burst was 32 o from the LAT bore- sight at the time of the trigger, and the data from the Fermi-LAT showed a significant increase in the event rate (Kocevski et al. 2014) . The burst was also detected by Suzaku-WAM (Iwakiri et al. 2014) , showing a single pulse with a duration of ∼ 0.7 s (50 keV -5 MeV). The analysis from 48.7 ks to 71.6 ks after the GBM trigger by the Swift-XRT instrument in the field of view of the Fermi-GBM and LAT, was completely in Photon Counting (PC) mode (Maselli & D'Avanzo 2014) . No bright X-ray afterglow was detected within the LAT error circle. This set an upper limit on the energy flux in the observed 0.3-10 keV energy band of ≈ 9.24 × 10 −14 erg/(cm 2 s), assuming a photon index γ = 2.2. Therefore, no optical follow-up was possible and, thus, the redshift of the source is unknown.
We have analyzed the Fermi-GBM and LAT data in the energy range 8 keV -40 MeV and 20 MeV -100 GeV, respectively. We have downloaded the GBM TTE (Time-Tagged Events) files 5 , suitable for short or highly structured events, and analyzed them by using the RMFIT package 6 . The LAT Low Energy (LLE) data 7 , between 20 -100 MeV, and the high energy data 8 , between 100 MeV -100 GeV, were analyzed by using the Fermi-Science tools 9 . In Fig. 2 we have reproduced the 64 ms binned GBM light curves corresponding to detectors upper panel) and second panel) , the 64 ms binned LLE light curve (20 -100 MeV, third panel) and the 192 ms binned high-energy channel light curve (0.1 -100 GeV, lower panel). All the light curves are background subtracted. The NaI-n6 light curve shows a very weak signal, almost at the background level, while the BGO-b1 signal is represented by a short, hard pulse, possibly composed by two sub-structures, with a total duration of T 90 ≈ 0.7 s. The vertical dashed line in Fig. 2 represents the on-set of both LAT light curves, i.e. ∼ 0.2 s after the GBM trigger. In principle, this allows us to 5 ftp://legacy.gsfc.nasa.gov/fermi/data/gbm/bursts 6 http://Fermi.gsfc.nasa.gov/ssc/data/analysis/rmfit/vc_rmfit_tutorial.pdf 7 http://fermi.gsfc.nasa.gov/ssc/observations/types/grbs/lat_grbs/ 8 http://fermi.gsfc.nasa.gov/cgi-bin/ssc/LAT/LATDataQuery.cgi 9 http://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone/ determine the time interval within which the P-GRB emission takes place.
Because the emission above 0.1 GeV originates in a different mechanism from the one described in the fireshell model (see Sec. 7), in the following we have focused our analysis only on the GBM data, in the energy range 8 keV -40 MeV. We have then proceeded with the time-integrated and timeresolved spectral analyses.
2.1. Time-integrated spectral analysis We have performed a time-integrated spectral analysis in the time interval from T 0 − 0.064 s to T 0 + 0.640 s, which corresponds to the T 90 duration of the burst. With T 0 we have indicated the trigger time. We have considered the following spectral models: Comptonization (Compt) and a Band function (Band et al. 1993 ). The corresponding plots are shown in Fig. 3 and the results of the fittings are listed in Tab. 1. From a statistical point of view, the Compt model provides the best fit to the data. In fact the Band function, which has an additional parameter with respect to the Compt model, improves the fitting by only ∆C-STAT= 2.53, where ∆C-STAT is the difference between the two C-STAT values of the Compt and Band models. If we consider ∆C-STAT as a χ 2 variables for the change in the number of the model parameters ∆n (in this case ∆n = 1), and assuming that the Compt model is nested within the Band model 10 , we conclude that the Band model improves the fit at the 89% of significance level. This value corresponds to less than 2 σ. Therefore, it is not enough to reject the Compt model as the best fit. The most interesting feature of the Compt model consists of its low-energy index, which is consistent with α ∼ 0. This value is very close to the low-energy index of a black body (BB) spectrum, i.e. α ≈ 1. To investigate the possible presence of a thermal spectral component in the early phases of the prompt emission, namely to find the signature of the P-GRB emission, we have performed more resolved time and spectral analyses.
Time-resolved spectral analysis
We have performed the time-resolved spectral analysis by selecting time intervals with fluences larger than ≈ 10 −6 erg cm −2 , in order to collect enough photons. Consequently, we have selected two time intervals that correspond to the main spike and the less intense structure (see the BGO-b1 light curve in Fig. 3 ). The first time interval, from T 0 to T 0 + 0.192 s, is hereafter referred as ∆T 1 , while the subsequent emission, from T 0 + 0.192 s to T 0 + 0.640 s, is named ∆T 2 .
In the ∆T 1 time interval we have performed a spectral analysis considering the BB and Compt spectral models. The spectra and the corresponding fits are shown in Fig. 4 and the best fit parameters are listed in Tab. 1. As reported in Tab. 1, the Compt model marginally improves the fit of the data with respect to the BB function by ∆C-STAT= 4.94. This corresponds to an improvement of 97% in the significance level, with respect to the simple BB model. We thus conclude that the best fit is the BB model because: a) it is not excluded at least at 3 σ; b) the low-energy index of the Compt model, α = 0.26 ± 0.32, is positive and closer to the BB model, than the one obtained in the T 90 time interval. The observed temperature of the thermal component is kT = (324±33) keV (see Tab. 1). 10 The Compt model can be considered a particular case of the Band function with β → −∞
We have then performed a spectral analysis on the time interval ∆T 2 . We have again considered the Compt and BB spectral models (see Fig. 5 and Tab. 1). The direct comparison between the models provides a ∆C-STAT= 0.58, which in principle would favor the BB as the best fit. On the other hand, by looking at Fig. 5 , it is immediately clear that the BB model does not adequately fit the data at energies larger than 1 MeV, as required to the Compt model. Therefore, the final scrutiny is in favor of the Compt model, whose low-energy index, α = −0.11 ± 0.26, indicates that the spectral energy distribution in the ∆T 2 time interval is broader than that of the BB model.
After introducing the fireshell model of GRBs (Ruffini et al. 2001a,b,c) in the next Section, in Sec. 5 we interpret the above data within the fireshell theoretical framework.
FIRESHELL MODEL
The BH uniqueness theorem implies that the process of gravitational collapse leads to a standard Kerr-Newman configuration (Ruffini et al. 2009 ). This is independent of the initial conditions, e.g., the progenitor system leading to a BH.
In the fireshell model (Ruffini et al. 2001a,b,c) GRBs originate, during the gravitational collapse to a BH, from an optically thick e + e − plasma (Damour & Ruffini 1975; Ruffini & Xue 2008; Ruffini et al. 2010) . Such an e + e − plasma is confined to an expanding shell and reaches thermal equilibrium almost instantaneously (Aksenov et al. 2007 ). The annihilation of these pairs occurs gradually, while the expanding shell, called the fireshell, self-accelerates up to ultra relativistic velocities (Ruffini et al. 1999) , and engulfs the baryonic matter (of mass M B ) left over in the process of collapse. The baryon load thermalizes with the pairs due to the large optical depth (Ruffini et al. 2000) .
Assuming spherical symmetry of the system, the dynamics in the optically thick phase is described by the total energy of the plasma E tot e + e − and the baryon load, parametrized as B = M B c
2 /E tot e + e − . Only solutions with B ≤ 10 −2 are characterized by regular relativistic expansion; for B ≥ 10 −2 turbulence and instabilities occur (Ruffini et al. 2000) . The fireshell continues to self-accelerate until it reaches the transparency condition and a first flash of thermal radiation, the P-GRB, is emitted (Ruffini et al. 2001b ). The radius r tr at which the transparency occurs, the theoretical temperature blue-shifted toward the observer kT blue , the Lorentz factor Γ tr , as well as the amount of the energy emitted in the P-GRB, are functions of E tot e + e − and B (see, e.g., Ruffini et al. 2001b, 2009, and Fig. 6 ).
After transparency, the residual expanding plasma of leptons and baryons collides with the CBM giving rise to multi-wavelength emission: the prompt emission. Assuming the fully-radiative condition, the structures observed in the prompt emission of a GRB are described by two quantities associated with the environment: the CBM density profile n CBM , which determines the temporal behavior of the light curve, and the fireshell surface filling factor R = A e f f /A vis , in which A e f f is the effective emitting area of the fireshell, and A vis is its total visible area (Ruffini et al. 2002 (Ruffini et al. , 2005 . This second parameter takes into account the inhomogeneities in the CBM and its filamentary structure (Ruffini et al. 2004) .
The emission process of the collision between the baryons and the CBM is described in the comoving frame of the shell as a modified BB spectrum (Patricelli et al. 2012) . The nonthermal spectral shape of the observed GRB is then produced by the convolution of a very large number of modified thermal Figure 3 . The combined NaI-n6, n9+BGO-b1 νFν spectra of GRB 140619B in the T 90 time interval. The fit by using the Compt spectral model is shown on the left, while the Band one on the right.
365.09/346 Band (7.8 ± 1.3) × 10
908 ± 199 −0.38 ± 0.37 −2.28 ± 0.31
1601 ± 287 0.26 ± 0.32 (9.4 ± 1.6) × 10
318.92/346 BB (7.5 ± 2.2) × 10
1283 ± 297 −0.11 ± 0.26 (4.38 ± 0.89) × 10
391.65/346 BB (3.8 ± 1.1) × 10
392.23/347
Table 1 Summary of the time-integrated (T 90 ) and time-resolved (∆T 1 and ∆T 2 ) spectral analyses. In each column are reported, respectively, the time interval ∆T , the adopted spectral model, the normalization constant K of the fitting function, the BB temperature kT , the peak energy Ep, the low-energy α and high-energy β photon indexes, the total energy flux Ftot in the range 8 keV -40 MeV, and the value of the C-STAT over the number of degrees of freedom (DOF). spectra with different temperatures and different Lorentz and Doppler factors. This convolution is performed over the surfaces of constant arrival time for the photons at the detector (EQuiTemporal Surfaces, EQTS, Bianco & Ruffini 2005a,b) encompassing the total observation time. The observed hardto-soft spectral variation comes out naturally from the decrease with time of the comoving temperature and of the bulk Lorentz Γ factor. This effect is amplified by the curvature effect originated by the EQTS, which produces the observed time lag in the majority of the GRBs. The canonical GRB light curve within the fireshell model is then characterized by a first (mainly thermal) emission due to the transparency of the e + e − -photon-baryon plasma, the P-GRB. A multi-wavelength emission, the prompt emission, follows due to the collisions between the accelerated baryons and the CBM.
The fireshell model has been originally considered to describe the process of vacuum polarization due to the overcritical electromagnetic field occurring at the moment of BH formation (Damour & Ruffini 1975) . The formalism has been developed by inserting a large number of relativistic quantum effects in the electodynamics proposed for the NS crust (Belvedere et al. 2012; Belvedere et al. 2014; Rueda et al. 2014) , as well as on the quantum-electrodynamics process on- going in the gravitational collapse (Han et al. 2012; Ruffini & Xue 2013) . This has led to the results summarized in Fig. 6 . The general formalism of the fireshell model can as well be applied to any optically thick e + e − plasma, in the presence of a baryon load, such as the one created during the merging of binary NSs from νν → e + e − (see, e.g., Salmonson & Wilson 2002 , and references therein). In the next section we recall the most recent applications of the fireshell model in the presence of two astrophysical scenarios, both leading to BH fomation.
THE FIRESHELL MODEL IN BINARY-DRIVEN HYPERNOVAE (BDHNE) AND BINARY NS-NS MERGERS
Recently, we have analyzed long GRBs associated with SNe having E iso > 10 52 erg. Specifically, GRB 130427A has become a prototype: one of the most energetic (E iso ≈ 10 54 erg), long burst associated to SN 2013cq . Within the induced gravitational collapse (IGC) paradigm (Ruffini et al. 2006 Izzo et al. 2012; Fryer et al. 2014 ) a close binary system, composed of an evolved massive FeCO core and a NS companion, has been proposed as the progenitor for energetic (10 52 -10 54 erg), long GRBs associated to SNe Ic. Their overall emission can be divided into four different emission episodes, and only Episode 2 can be interpreted as the canonical GRB (see Ruffini et al. 2014b , for a review). These episodes represent an evolutionary time sequence from the initial FeCO-NS binary progenitor, to a system composed of a ν-NS and a BH, surrounded by the SN ejecta. For these reasons such systems are named BdHNe ). The BdHNe are characterized by a baryon load varying in the range 3.0 × 10 −4 B ≤ 10 −2 , and, consequently, the prompt energy is larger than that of the P-GRB. They occur in environments with densities of n CBM ≈ 1 cm −3 , which are typical of the inner galactic regions and are in agreement with the observational evidences for their occurrence close to starforming regions (Paczynski 1998) . After the prompt emission phase of the GRB (Episode 2), a distinct emission has been identified with a characteristic power-law emission in the X-ray, optical and GeV energy range (Episode 3, see, e.g., Ruffini et al. 2014b,a) .
In this article we follow a similar approach. We examine short GRBs with E iso > 10 52 erg, originatig from massive NS-NS mergers, also leading to the formation of a BH. In addition to the previous case of GRB 090227B, where the fireshell model was successfully applied, we here examine GRB 140619B. For both of these sources B 10 −5 and, consequently, the energy emitted in the prompt emission is smaller or comparable to that of the P-GRB (see Fig. 6 ). Both these sources occur in environments with n CBM ≈ 10 −5 cm −3 , typical of galactic halos. Only a single BH is expected out of the merging (see Fig. 1 ): no X-ray or optical emissions is expected, and indeed they are not observed.
GRB 140619B WITHIN THE FIRESHELL MODEL
From the fireshell model and the results of the data analysis presented in Sec. 2, we conclude that the ∆T 1 time interval, where the spectrum is predominantly consistent with a BB (see Fig. 4 , right plot), represents the P-GRB, while the ∆T 2 time interval, where the spectrum is broader than the Planck distribution (see Fig. 5 , left plot), is identified with the prompt emission.
After the P-GRB identification of GRB 140619B, we have followed the same analysis in the case of GRB 090227B, described in Muccino et al. (2013) , to determine the cosmological redshift, the baryon load and all the other physical quantities characterizing the plasma at the transparency point (see Fig. 6 ).
Redshift estimate in fireshell model
From the observed P-GRB and total fluences, respectively, S BB = F tot (∆T 1 )∆T 1 and S tot = F tot (T 90 )T 90 (see values in Tab. 1), we have estimated the ratio
where the theoretically-computed energy of the P-GRB, E P−GRB , has been constrained by the observed thermal emission, E BB , and we have imposed E tot e + e − ≡ E iso . In Eq. 1 the luminosity distance d l and the redshift z of the source do not enter to the final computation.
From the last diagram in Fig. 6 , it is clear that, for the value in Eq. (1), we have different possible parameters (E tot e + e − , B), and for each of them we can determine the corresponding kT blue (see top diagram in Fig. 6 ). Finally, from the ratio between kT blue and the observed P-GRB temperature kT , we can estimate the redshift, i.e. kT blue /kT = (1+z). To obtain the correct value of z and, then, the right parameters [E Figure 6 . The main quantities of the fireshell model at the transparency for selected values of E tot e + e − : the radius in the laboratory frame, the co-moving frame and blue-shifted toward the observer temperatures of the plasma, the Lorentz Γ factor, and the fraction of energy radiated in the P-GRB and in the prompt emission as functions of B.
we have made use of the isotropic energy formula
in which N(E) is the photon spectrum of the burst and the integrals are due to the K-correction on S tot (Schaefer 2007 1.20 × 10 17 (9.2 ± 1.1) × 10 −6 3 rd 1.70 × 10 17 (2.5 ± 0.5) × 10 −4 (3.5 ± 0.6) × 10 −10 Table 3 The density and filling factor masks of GRB 140619B. In each column are listed, respectively, the CBM cloud, the distance away from the BH, the number density, and the filling factor.
2.67 ± 0.37, which provides B = (5.52 ± 0.73) × 10 −5 and E tot e + e − = (6.03 ± 0.79) × 10 52 ergs. The complete quantities so determined are summarized in Tab. 2.
The observational fact that the P-GRB energy content is comparable to that of the prompt emission, together with the inferred value of the baryon load, clearly places GRB 140619B in the category of energetic NS-NS short GRBs. Another observational fact supporting this interpretation is the absence of the X-ray and optical emissions. The analogy with the prototypical source GRB 090227B, for which we have E P−GRB = (40.67 ± 0.12)%E tot e + e − and B = (4.13 ± 0.05) × 10 −5 , is very striking (Muccino et al. 2013) . We now proceed in the analysis of the subsequent emission to derive the properties of the surrounding CBM.
Analysis of the prompt emission
After determining the initial conditions of the fireshell, i.e. E tot e + e − = 6.03 × 10 52 ergs and B = 5.52 × 10 −5 , and the Lorentz factor at transparency, Γ tr = 1.08 × 10 4 , we have then simulated the light curve and the spectrum of the prompt emission. To reproduce the pulses observed expecially in the BGO-b1 light curve (see Fig. 2 ) we have derived the radial distributions of the CBM number density and of the filling factor R around the burst site (see Tab. 3 and Fig. 7) . The errors on the CBM number density and on R are defined as the maximum possible variation of the parameters to ensure an agreement between the simulated light curve and the observed data. The final simulation of the BGO-b1 light curve (260 keV -40 MeV) is shown in Fig. 8 .
Interestingly, the average CBM number density in GRB 140619B, n CBM = (4.7 ± 1.2) × 10 −5 cm −3 (see Tab. 3), is very similar to that of prototype GRB 090227B, n CBM = (1.90 ± 0.20) × 10 −5 cm −3 . In both the cases the CBM densities are typical of the galactic halos environment.
We turn now to the spectrum of the prompt emission. By using the spectral model described in Patricelli et al. (2012) , from the fitting of the light curve in the energy range 260 keV -40 MeV, we have extended the simulation of the corresponding spectrum down to 8 keV, to check the overall agreement with the observed data. The final result is plotted in Fig. 9 , where the rebinned NaI-n6 and n9 and BGO-b1 data in the ∆T 2 time interval show their agreement with the sim- ulation; the lower panel in Fig. 9 shows the residuals of the data around the fireshell simulated spectrum. In analogy to the case of GRB 090227B (see, e.g., Oliveira et al. 2014a; Muccino et al. 2013) , we conclude that the progenitor of GRB 140619B is a NS-NS merger. We have considered the simplest case, by assuming two NS with the same masses M NS such that the total mass would be larger than the neutron star critical mass M crit , e.g. 2M NS M crit . This condition is clearly necessary for the formation of a BH and the consequent application of the fireshell model. It is also appropriate here to recall that only a sub-set of binary NSs mergers are in the condition to fulfill this stringent requirement (see Fig. 10 ). This will strongly affect the estimate of the rate of these energetic NS-NS short GRBs, when compared and contrasted to the usual expected binary NS rate (see Sec. 8 and Conclusions).
Referring to the work of Belvedere et al. (2012) on nonrotating NSs in the overall charge neutrality (OCN) treatment and all fundamental interactions taken into due account, we have considered two NSs with masses M NS = 1.34 M and radii R = 12.24 km, inferred from the NL3 nuclear model parameters for which M crit = 2.67 M . We assume as a working hypothesis that in the NS merger the crustal material from both NSs contributes to the GRB baryon load, while the NS cores collapse to a BH. The crustal mass from the NL3 nuclear model, for each NS, is M c = 3.63 × 10 −5 M . Therefore the total NS merger crustal mass is M 2c = 2M c = 7.26 × 10 −5 M . On the other hand, the baryonic mass engulfed by the e + e − plasma before transparency is M B = E tot e + e − B = (1.86 ± 0.35) × 10 −6 M . Therefore we can conclude that only a small fraction of the crustal mass contributes to the baryon load, namely M B = (2.56 ± 0.48)%M 2c . This value is consistent with the OCN condition adopted in Belvedere et al. (2012) . The usually adopted local charge neutrality (LCN) condition would lead, instead, to a crustal mass M LCN c ∼ 0.2 M (see, e.g., Belvedere et al. 2012; Oliveira et al. 2014a ). This value could not justify the above inferred, small value of the baryon load.
ON THE GRAVITATIONAL WAVES EMISSION AND THE DETECTABILITY OR THE ABSENCE THEREOF
Following the previous work on GRB 090227B (Oliveira et al. 2014b ), we now turn to estimate the emission of gravitational waves of the binary NS progenitor of the short GRB 140619B, via the effective-one-body (EOB) formalism (Buo-nanno & Damour 1999 Damour et al. 2000; Damour 2001; Damour & Nagar 2010) , and assess the detectability of the emission by the Advanced LIGO interferometer 11 . The EOB formalism maps the conservative dynamics of a binary system of non-spinning objects onto the geodesic dynamics of one body of reduced mass µ = M 1 M 2 /M, with M = M 1 + M 2 the total binary mass. The effective metric is a modified Schwarzschild metric with a rescaled radial coordinate, r = c 2 r 12 /(GM), with r 12 the distance between the two stars. The binary binding energy as a function of the orbital frequency is given by E b (Ω) = Mc 2 [ 1 + 2ν(Ĥ eff − 1) − 1], where the effective Hamiltonian is dependent on the radial potential A(u), where the u-parameter is defined as u = 1/r, and is given byĤ Using the well-known matched filtering technique, we compute the signal-to-noise ratio (SNR) making Fourier transform of the signal h(t) = h + F + + h × F × , where h +,× are functions that depends on the direction and polarizations of the source and F +,× depend on the direction of the detector. By making an rms average over all possibles source directions and wave polarizations, i.e. 
where S h ( f ) is the strain noise spectral density (in units 1/ √ Hz) in the interferometer. We have also introduced the characteristic gravitational waves amplitude, h c , defined using the Fourier transform of the gravitational waveform h(t), h c ( f ) = f |h( f )|, and it is given by
with z the cosmological redshift, f d = f /(1 + z) the gravitational wave frequency at the detector, f = Ω/π the frequency in the source frame, Ω is the orbital frequency, the minimal bandwidth frequency of the detector is f min , and f max = f c /(1 + z) is the maximal bandwidth frequency, where f c = Ω c /π is the binary contact frequency and d L is the luminosity distance. In Fig. 6 we show the strain-noise sensitivity of Advanced LIGO, S h ( f ), and the characteristic gravitational amplitude per square root frequency, h c ( f d )/ √ f d as a function of the frequency at the detector f d .
Following the above procedure we have obtained for the short GRB 140619B a very low value SNR ≈ 0.21, as compared with SNR = 8 for an optimal positive detection. The low value of the SNR is clearly due the large cosmological distance to the source, d ≈ 21 Gpc. Although the rms-averaged SNR we have computed might improve by a factor ≈ 5/2 for an optimally located and polarized source (e.g. also obtained that this binary emitted in gravitational radiation a total energy of E T GW = 7.42 × 10 52 erg during the entire inspiral-in phase all the way up to the merger.
CONSIDERATIONS ON THE GEV EMISSION OF GRB 140619B
In addition to the analogies with GRB 090227B, GRB 140619B presents a novelty of special interest: a short-lived emission (∼ 5 s) observed at energies 0.1 GeV. We have analyzed this emission in two selected time intervals: ∆T LAT,1 which encompasses the most intense pulse and lasts ∼ 1 s, and ∆T LAT,2 , which follows the decaying tail emission and its duration is ∼ 4 s. In the following all the quantities labeled by the subscripts "1" and "2" refer, respectively, to the ∆T LAT,1 and ∆T LAT,2 time intervals. The spectra in these time intervals are best fitted by power-law models with photon indexes γ LAT,1 = −2.1 and γ LAT,2 = −1.6. The corresponding 0.1-100 GeV energy fluxes are F LAT,1 = (2.95 ± 0.88) × 10 −6 erg cm −2 and F LAT,2 = (2.36 ± 0.76) × 10 −6 erg cm −2 . The corresponding isotropic energies are E LAT,1 = (4.8 ± 1.4) × 10 52 erg and E LAT,2 = (1.54 ± 0.50) × 10 53 erg, and, therefore, the total one is E LAT = (2.02 ± 0.52) × 10 53 erg. The rest frame 0.1-100 GeV luminosity light curve tentatively decays as ≈ t −0.5 (see Fig. 12 b) ).
Since both spectra do not show clear cut-off energies, estimates of the lower limit on the Lorentz factor can be obtained from the pair production optical depth formula described in Piran (2012) , e.g.,
which takes into account the global properties of the 0.1-100 GeV emission, i.e. the energy fluence S LAT = F LAT ∆T LAT , and the photon index. In Eq. 5 m e is the electron mass, while the extra factor (1 + z) comes from the size of the emitter 2Γ 2 c∆T LAT /(1 + z) and the cosmological rest-frame fluence S LAT /(1 + z). The average cross section of the process is σ = 3σ T /[8(γ 2 LAT − 1)] (Gupta & Zhang 2008) . By imposing the condition τ γγ < 1 and substituting all the required values, from Eq. 5 we have obtained two lower limits on the Lorentz following a) ): the long-lived high energy (0.1-100 GeV, red data), the soft X-ray (0.3-10 keV, blue data), the hard X-ray (3-79 keV, orange data), and the optical (R band, center at 629 nm) luminosity light curves of Episode 3 of the prototype of BdHNe, GRB 130427A (reproduced from , with kind permission). Middle panel (in the following b)): rest-frame 0.1-100 GeV isotropic luminosity light curves of of the short -lived emission of GRB 140619B (red squares). Lower panel (in the following c)): the rest-frame 0.3-10 keV X-ray emission of short GRBs with E iso < 10 52 erg; the corresponding names, redshifts and energies are indicated in the legend.
factor, Γ LAT,1 = 97.6 ± 4.8 and Γ LAT,2 = 182 ± 11. The average value of these two lower limits gives Γ LAT = 110.5 ± 4.4. We now turn to an estimate of the energy requirement of the 0.1-100 GeV emission by considering accretion onto the BH of a fraction of the residual crustal mass M res = 2M c − M B . For an order of magnitude estimate, we consider the mass accretion to be occurring at the innermost stable orbit of a Schwarzschild or an extreme Kerr BH, respectively in the corotating and the counter-rotating cases. From the above considerations, the high energy emission is necessarily beamed by a factor f b = (1 − cos θ), where θ ≈ 1/Γ LAT is the opening angle of the jet. Therefore, we have for the accretion energy E acc = η acc η M M res c 2 E LAT /(2 Γ LAT 2 ), where η acc is the accretion efficiency, and η M the fraction of M res which effectively accretes onto the BH. From the above value of the Lorentz factor we conclude that the only possible solution is η M (15.5 ± 4.2)% which corresponds to the co-rotating case of an extreme Kerr BH.
It is appropriate to compare and contrast the emission following the GRB prompt phase: in the present case of short GRBs with E iso > 10 52 erg (Fig. 12 b) ), short GRBs with E iso < 10 52 erg (Fig. 12 c) ), and the BdHNe, assuming as a prototype GRB 130427A (Fig. 12 a) ). It is clear that, consistently with the considerations of Fig. 1 , for short GRBs with E iso > 10 52 erg there is no emission following the BH formation. The only exception is a very short-lived high energy emission, possibly originating from residual accretion onto the BH. There is ample emission in the X-ray and in the optical for the case of short GRB with energy E iso < 10 52 erg. Both of these emissions are drastically different from the distinct power-law behavior in the high energy, X-ray and optical, and with larger luminosity observed in the BdHNe.
THE RATE OF NS-NS SHORT GRBS LEADING TO THE BH

FORMATION
With the identification of two NS-NS short GRBs leading to BH formation, GRB 090227B and GRB 140619B, both detected by the Fermi satellite, we are now in a position to give an estimate of the expected rate ρ 0 of such events. Following Soderberg et al. (2006) and Guetta & Della Valle (2007) , for both sources we have computed the 1 s peak photon flux f p in the energy band 1-1000 keV, which is 16.98 photons cm −2 s −1 for GRB 090227B and 4.97 photons cm −2 s −1
for GRB 140619B. By varying the redshift of each source, from the spectral parameters we have computed, until they coincided, the translated f p and the corresponding threshold peak flux f T which is the limiting peak photon flux to allow the burst detection (see the analysis in Band 2003, for details) . In this way we have evaluated for each source the maximum redshift z max at which the burst would have been detected and, then, the corresponding maximum comoving volume V max . In the case of GRB 140619B we have obtained f p ≡ f T = 1.03 photons cm −2 s −1 for a maximum redshift z max 140619B = 5.49, while for GRB 090227B, which is the brightest one, we have found f p ≡ f T = 1.68 photons cm The empirical rate can be evaluated as
where N = 2 is the number of identified energetic NS-NS short bursts, Ω F ≈ 9.6 sr is the average Fermi solid angle, and T = 6 years is the Fermi observational period. We have inferred a local rate of ρ 0 = 1.7
+3.7 −1.4 × 10 −4 Gpc −3 yr −1 , where the attached errors are determined from the 95% confidence level of the Poisson statistic (Gehrels 1986 ). This inferred rate is very different from that of long GRBs, recently estimated to be ρ L−GRB = 1.3
and also from the estimates of short GRBs given in the literature (without beaming correction ρ short = 1-10 Gpc −3 yr −1 , see e.g., Berger 2014 and Clark et al. 2014) .
Such a low rate can be explained based upon the existing data of binary NSs. Much has been learned recently about the equations of state of NSs (see, e.g., Lattimer & Prakash 2007; Belvedere et al. 2012 , and references therein), and a vast number of tests have been performed in fitting the data of pulsars (Lattimer 2012; Deneva et al. 2012; Antoniadis et al. 2013; Kramer 2014) . In particular, the high value of the recently measured mass of PSR J0348+0432, M = 2.01 ± 0.04 M (Antoniadis et al. 2013) , favors stiff nuclear equations of state, as the one adopted here based on relativistic nuclear mean field theory á la Boguta & Bodmer (1977) , which lead to a NS critical mass higher than the above value. We have adopted in this work a theoretical estimate M crit ≈ 2.67 M from Belvedere et al. (2012) , a value supported by the above observational constraints, and in any case, well below the absolute upper limit of 3.2 M for a non-rotating NS (Rhoades & Ruffini 1974 ). If we turn to the binary NSs within our galaxy (see Fig. 10 ) we notice that only a sub-set of them has a sum of the masses of the components larger than the critical NS mass and will be able to lead to a BH in their merging process. Only this sub-set will eventually lead to a short GRB with E iso > 10 52 erg leaving a newly-born BH after the GRB occurrence.
ON THE NATURE AND THE RATE OF SHORT GRBS WITH
E ISO < 10 52 ERG Berger (2014) and Clark et al. (2014) have evaluated the rate of the short GRBs with E iso < 10 52 erg, i.e., ρ short 1-10 Gpc −3 yr −1 with no beaming correction. These sources have no associations to SNe and are characterized by a long lasting X-ray emission (see Fig. 12 c) ), following the GRB prompt phase, which allows the identification of their host galaxies, as well as their cosmological redshifts. These GRBs have been observed in both early-and late-type galaxies with older stellar population ages (see, e.g., Berger 2014, for details), and at systematically larger radial offsets from their host galaxies than long GRBs (Sahu et al. 1997; van Paradijs et al. 1997; Bloom et al. 2006; Troja et al. 2008; Fong et al. 2010; Berger 2011; Kopač et al. 2012) . On the basis of these properties two possible progenitors have been indicated: NS-WD mergers and NS-NS mergers.
NS-WD head-on collision have been considered in Paschalidis et al. (2012) where the nuclear burning remains unimportant in the post-merger event and neutrino cooling is relevant only in the earlier stages of the merger. In Metzger (2012) the tidal disrupted WD produces a disc which powers a nucleardominated accretion flow, and in the very innermost disc cooling by neutrinos may be efficient, and the possibility of high accretion rates of 10 −4 -0.1 M /s is considered to produce outflows powered by viscous dissipation and nuclear burning. A detailed relativistic hydrodynamic simulation is currently being explored (Warren et al. 2014 , in preparation) indicating a high GRB luminosity during the accretion process.
The NS merging has been amply discussed in literature (see, e.g., Goodman 1986; Paczynski 1986; Eichler et al. 1989; Meszaros & Rees 1997; Rosswog et al. 2003; Lee et al. 2004; Berger 2014) . For the reasons given above, these short GRBs with E iso < 10 52 erg originate from binary NSs with total a mass smaller than the critical NS mass.
Theoretical models have been presented, among others, in a set of classical papers by G. J. Mathews, P. Maronetti, J. D. Salmonson and J. R. Wilson (Salmonson & Wilson 2002 , and references therein). There it has been shown how such NS-NS mergers lead to νν → e + e − process and to a selfaccelerating e + e − -baryon plasma. They find a maximum GRB energy < 10 52 erg. It is interesting that the e + e − -baryon plasma, there considered, is similar to that introduced within the fireshell model (Ruffini et al. 2001a (Ruffini et al. ,b,c, 2010 . This may well lead to an explanation of the hardness observed in some short GRBs (Kouveliotou et al. 1993; Tavani 1998 ). An important observational confirmation has been recently given by the direct comparison of the early rest-frame 0.3 s of emission in long GRBs with that of short GRBs (Calderone et al. 2014) .
Both in the case of NS-NS and NS-WD mergers, after the GRB occurrence, a single newly-born massive NS remains.
ON POSSIBLE SHORT GRBS FROM NS-BH MERGERS IN
BDHNE
The recent introduction of the IGC model to explain the coincidence between the SN occurrence and long GRBs (the BdHNe, see Fig. 2 in Ruffini et al. 2014a ) has opened a new scenario for considering NS-BH mergers. The possibility of this merging has been envisaged in some of the earliest classical papers in GRB astrophysics (Narayan et al. 1991 (Narayan et al. , 1992 . Indeed, the outcome of the IGC collapse naturally leads to the existence of a binary NS-BH system after the occurrence of the prompt emission (see Fig. 12 and Fig. 2 in Ruffini et al. 2014a) . The outcome of this merging process clearly leads to a larger BH.
CONCLUSIONS
After the identification of the first example of a short GRB from a NS-NS merger leading to BH formation, GRB 090227B (Muccino et al. 2013 ), we here give evidences for another similar NS-NS short burst with E iso > 10 52 erg: GRB 140619B. Thanks to the detailed analysis of the Fermi-GBM (Meegan et al. 2009 ) data, it has been possible to identify its P-GRB emission in the early ≈ 0.2 s of the light curve. Applying the fireshell model, we have inferred a cosmological redshift of z = 2.67 ± 0.37, derived a total energy of E tot e + e − = (6.03 ± 0.79) × 10 52 ergs, a baryon load of B = (5.52 ± 0.73) × 10 −5 , and a Lorentz factor at transparency of Γ tr = (1.08 ± 0.08) × 10 4 . The above value of the baryon load, B 5 × 10 −5 , is consistent with the very significant thermal emission at transparency (∼ 40%E iso ), and with the absence of any X-ray afterglow detection (Maselli & D'Avanzo 2014) , as theoretically predicted by the fireshell model (Ruffini et al. 2001a,b,c) .
In analogy to the prototype GRB 090227B (Muccino et al. 2013) , in view of the energetics (> 10 52 erg), of the baryon load, which is consistent with the crustal masses in massive NS (see, e.g., Belvedere et al. 2012) , and of the intrinsic time scale of the source, we have identified the progenitor of GRB 140619B as a NS-NS merger (Muccino et al. 2013; Oliveira et al. 2014a) . A further confirmation comes from the inferred low interstellar medium density, n CBM ≈ 10 −5 cm −3 , typical again of galactic halos where such systems migrate, owing to natal kicks imparted to the binaries at birth (see, e.g., Berger 2014; Narayan et al. 1992; Bloom et al. 1999; Fryer et al. 1999; Belczynski et al. 2006) .
Assuming that the binary progenitor system is composed of two NSs with masses M NS = 1.34 M , the total energy emitted in gravitational waves corresponds to E T GW = 7.42 × 10 52 erg, in the entire inspiral phase all the way up to the merger. In view of the large cosmological distance to the source, this signal lies well below the sensitivity of Advanded LIGO (see Fig. 6 ), leading to a position and polarization averaged signalto-noise ratio, SNR ≈ 0.2, or to a maximal value SNR ≈ 0.5, for an optimally located and polarized source. These values are much lower than an SNR= 8 for a positive detection.
An additional observational feature of GRB 140619B consists in the detection of short-lived (∆t ≈ 5 s) 0.1-100 GeV emission. We have analyzed this emission in two selected time intervals: ∆T LAT,1 which encompasses the most intense pulse and lasts ∼ 1 s, and ∆T LAT,2 , which follows the decaying tail emission and its duration is ∼ 4 s. The total isotropic energy computed in the observed energy band 0.1-100 GeV is E LAT = (2.02 ± 0.52) × 10 53 erg. The rest frame 0.1-100 GeV luminosity light curve tentatively decays as ≈ t −0.5 . We have also derived an average lower limit on the Lorentz factor Γ LAT 110.5 ± 4.4. From these sources, to date identified, we have calculated the rate of such systems to be ρ 0 = 1.7 +3.7 −1.4 × 10 −4 Gpc −3 yr −1 , where the attached errors are determined from the 95% confidence level of the Poisson statistic (Gehrels 1986 ). This value represents clearly a lower limit to the real rate: the detection of such short GRBs is particularly difficult in view of the absence of X-ray and optical emission, which represents a strong bias of technical difficulty in detecting these elusive short GRBs. This value is much smaller than that of short GRBs with E iso < 10 52 erg, ρ short = 1-10 Gpc −3 yr −1 (see, e.g., Berger 2014). This may be due to the above technical difficulties in detecting these sources, as well as to the fact that the majority of the binary NS systems has a total mass smaller than the NS critical mass.
The outcome of these short GRBs with E iso > 10 52 erg consists in the formation of a single BH, with the absence of additional phenomena with the sole exception of a very transient ( 5 s) emission at energies > 0.1 GeV, possibly originating in the accretion of residual matter onto the newly-formed Kerr BH (see Fig. 1 ).
We have then concluded that the traditional less energetic short GRBs with E iso < 10 52 erg (see, e.g., Berger 2014, Fig. 12 c) ), originate either from NS-NS mergers, whose total mass is smaller than the NS critical mass, or in NS-WD mergers (Caito et al. 2010 ). Both of these sources have, as a sole outcome, a newly-born massive NS, whose evolution can be followed by a long lasting X-ray emission (up to 10 5 s, see Fig. 12 ) and, possibly, by the optical emission.
Before closing, we have also recalled that in the BdHNe (see Fig. 12 a) ), the final outcome is a binary NS-BH system which may well lead to a further short GRB.
In total analogy with the recent proposal to differentiate long GRBs into two sharply different families, family 1 with E iso < 10 52 erg, leading to a NS-NS binary, and family 2, leading to a NS-BH binary , we here propose that also short GRBs can be distinguished in two families, one of low energetic sources with E iso < 10 52 erg, leading to a single massive NS, and a second one of energetic sources with E iso > 10 52 erg, leading to single Kerr BH (see Figs. 1 and 12 b) and c)).
